(a is constant).
Supplementary Note 3
Derivation of spatial phase profile for non-paraxial half circular trajectory 2 2 1/ 2 ( ) ( ) f z a z  (a is the radius of the circle).
Supplementary Note 4
Derivation of spatial phase profile for non-paraxial circular trajectory
(a is the radius of the circle).
Supplementary Note 1 Derivation of Equation (9) The scattered sound wave can be supposed to be an outgoing wave from the sphere as,
where mn A is a group of unknown coefficients to be determined. Utilizing the rigid boundary condition on the surface of the sphere,
where 0 r is the radius of the rigid sphere.
Combining the Supplementary Equations (1) to (3), the coefficients can be derived as, . By following Equations (1) and (2) in the paper, the relation between the angle  and the intercept x can be derived as,
spatial phase profile on the boundary can be obtained as,
Then the spatial phase profile on the boundary can be derived from the indefinite integral of the Supplementary Equation (7) 
By following Equations (1) and (2) in the paper, the relation between the angle  and the intercept x can be derived as,
Applying the Supplementary Equation (9) to Equation (6) in the paper, one can obtain the derivative of the spatial phase profile on the boundary,
So the spatial phase profile on the boundary can be derived from the indefinite integral of the Supplementary Equation (10) (1) and (2) in the paper, the relation between the angle  and the intercept x can be derived as,
